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ABSTRACT

The design and preliminary uvse of an apparatus and method for the
steam sterilization of food for germfree animals {s described. The need
for such a system is shown by an examination of other existing methods.

In additiom, the general gnotobiotic techniques and equipment used in this
colony are dascribed and the purjose of maintaining such & colony is
discussed.
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I. INTRODUCTION

Recent advances in gnotobiotic technology presage an increase in th2
use of gnotobiotic laboratory animals in medical and biclogical rescari.

In Juna 1960, a gnotobiotic workshop for labcratory animal breeders
vas held at Lobund Institute. Participants at the workshop defined three
ma jor goals in the development of a gnntobiotic program:

(a) Development of adequate apparatus and methods,

(b) Dcl.erminstion of useful microorganisms for association
with gnotobiotic host an‘asls, and

(¢) Determination of t'ie bost assoclations ot gnotubiotic hosts
and aicroorganisms for various research purposes.

An jmportant {mplication of the first goal is thar the apparatus and
mthods developed must be not only adequate for the production Hf gnoto-
biotic animals but also economically feasible for us” by commeicial
'-:\h.\ra'nry ani{m.] breeders.

Another imporcant result of the workshop was the realization by the
participants that a nucleus of gnotobjotic stock could be used to improve
the quality of their existing animal colonies.

Statf oewbers of the Animal Farm, U.$. Arwmy Biological Lahboratories,
Fort Detrick, Marviand, perticipated ifn the Lobund workstop. !he Fort
Detrick Animal Parw has been in operation since 194a. For the past 12
years, "re farm has maintained specific-pathogen-free colonies ol mice
and guinea pigs.

As 2 reanlt of participation in the workshop, a rmall-scale gnite-
biotic program was i1nitiated at the Port Detrick Animal Parm. [he
program has three major objectives:

{a) [0 17vestigate the adaptadbilit: of extsting gnuotobiot,.
tecnniques t» Adtmal Farm factlities,

(b) To improve the quality of the Aninel Farm s spe- .|
patbcgen froe breeding (olontes by providing & nucleas of THot b UL
“tock, and

T0) Ty provide a fumd of experience ta gnotoblotl techaniogy
f.or fut ro see in tlere jabora. giles,

Tre basic antobiotic apparatus and methode gniticily copl so b wor
deviloped and reported by other inv: rtipstor-. notab'vy R voiors Jroslor
and tretr v~ ctarcs at Lobund, Many of thotr apparat oo ant e o wo g
sdapced to our owm facilities with only atnor sodiffoaty 0,




However, effuctive sterilization of fcod proved & major problem.
Contaminstions occurred during our early attempts to estzblish and vperate
a gnotoviotic system. These cases of contamination were traced to in-
adequately sterilizad food.

In tais msthod originally employed, food in paper bags was placed in a
mtal cum designed for use vith germfree fsolators. The cans and their
contents them were steam sterilized in an sutoclave, vhich had been evacu-
ated to 28 inches of mercury pressure before steam was relessea into the
chamber. Subsequent investigstions showed that the length of time required
to effect complece sterilizatiom by this method would result im an un-
acceptable loss fn the nutritive valus of the food.

Appraisal of existing, slternative starilization msthods, such as
irradiation or the processing and preparstion of special foods, indfcated
that they were pruhibitively expensive for the scope of our operations.
Consequently, sn investigation was undertaksa to determine the posaibility
of evolviag economicsl and effective apparatus and msthods for the steri-
lization of food for gnotobiotic animals.

This paper is a preliminary report of the results of this investigation.

First, we will preseat a brief, gensral description of the basic
zpoaratus and methods used im establishing our gmotokiotic system, including
pertinment mudifications made at Port Detrick. Dectailed descriptions of
these bdacic apparatus and msthods can be found im the original reports
listed in the Referesces.

Second, we vill present & de.alled description of the design, con-
struction, and opsration of am apparstus for the steam sterilization of
food for gmotobiotic animsls.

Pinally, we vill summarize our results to date and f{ndicate the trends
and objectives of future work.




TI. CENERAL CNOTOBIOTIC APPARATUS AND MET.(OS

A. 1SOLATORS

The animal tsolators used in our invest{gations Le modificattons of
those originally described by Trexler and Reynolds. Ours are fabri-
cated locally from 20-mil polyvinyl chloride.%* The basic unit measures
24 by 24 by 48 inches and is supported on & ply. ood frame. Accessories
inc lude s’ andard one-piece neoprene gloves, an inlet air filter, & trap
for outlet atr, a pasrs-through lock, and a sterilization port. FPFront and
rear views of the isolator are stown in Pigures | and 2.

Tre :solator untts are prepsred for use in the following manner:
First, thr¢ falet of the air filter that attaches Lo the isolator (s sealed
off with a Mylar plastic film. Next, the filter {s ster{limed witi dry
heat &t 150°C for two hours, then s polyvinyl chloride cover is placed on
the filter.

The air filter and other acceesories sre attached to the basic unit.
A spray gun Ls passed (nto the unit tarough the lock, an afr pressure
line 1r run fato the unit via the aterilication port. and ‘he entire
interior of the unit is sprayed with a two per cent peracetl- ac:d sol.-
tion. 7Tne gun and air pressure line are remcved from the unit, the
pass-Through lock and sterilization port are spraye) and sealed off, and
the unit 9 allcwed to stand ovornight.

lexi, sn operator doms the gloves attached to the {solator and
reaches acroes inside the unit and punctures the Mylar plastic filw
covering the inlet of the atr filter. The air supply line ts attached
to the outside sieceve of the air filter, and the atr is turned on
Positive air pressure is matntafned within the unit throughout all sub-
sequent nperations. Pollcwing the 24 to 48 hours allowed for drying
the interior of tle unit, the (rolator 13 ready for usc.

B. ATOCLAVE

Tte auto lave used 1 thesa studies comatets of a onveational,
19-po.x (22 psig maximum), jacke.od, steel, pressure vessel with a foor
on vne ens. THe auto:c lave has separate steam feed and (ondensste lines
so tha’ the Jaclet and chamber can be operated separately. i

Th- sitcilave Fas bien wdifisd by the attactment of & piston-type
vais . pamp. whirh 1 ysed 1o reduce the chamber pre:..re Lo 28 1o be-
of mav 1t,. 1 puarpise of the (“axber va ium s twofold:  (8) te rar (v

® Se L.tega® oo i ated
% Cadilla Plast: o and Lreri-al Company, Betr it “f “i,,n,




Pigure 1. Front View of Plastic Isolator for Gmotobiotic
Animals, Showing Attached Cloves. (YO Meg C-6154)

Vigure 2. Resr View of Plastic lsclator {or Cnotobfotic
Anisals Showing (left to right) Adr Trap, Pass-
Through Lock, Inlet-Air Pilter with Alr Supply
Line Attached, and Sterilization Port on Right
tna, (FD Ney C-bi)i)




the chamber air so that the stram enters with a driving force that belp-
it to benerrate thoroughly the microorganically closed system beiny ste -
lized, and (b) to reduce the total vime required for the chamber and it.ns
in {t to reach scerilizat{on temperature.

The general sterilization procedure fs as follows: Fifteen minutes
prior to a Lterflization vun, the js:ket of the autoclave ts prateated o
reduce the chamber brat-up time. Then the itexs (o be steriiized arc
placed (n the -hamber, the door is clcsed securely, the vacuum pump is
sterted, and the chamber pressure ts reduced t. 28 inches of mercury.
Urce the proper pressure s reached, steam {8 released {nto the chambor,
and the system {s brought to 15 psig. The chamber condensate line {s not
opened urtil the chamber rvachies dlmospheric pressute. The stecilication
time (s measured from the tiwme at which the chamber reaches 25C°F.

When tne sterilizatfon cycle i{s complete, the chamber steam [s shut
cff, and tne contents are allowed to remsin in the chamber for an acd-
ditional 15 minutzs to dry. A steam jet ejector oa the autoclave par-
tially evasuates the chamber and removes moisture Jduring this past of
the cycle.

C. STERILIZATICON CAXNS

Trese cans, used for the sterilizaticr. of bedding, water, and tood
Aand their schsequent transfer to gnotobf.tic Lsolatore, have undergonr
considerable {navestigsotion during our s.udies. Tle can currently {n use
proved the best «f three typea {nvest‘gated,

The nmare problem (s basic tc suy can uvsed for this purpose: When
a4 (2n filled with bedding, water, or food Ls placed {n the aitoclave, f(t
must be 8 microorganically closed untt, The can must have an efroctive
microorpantc barrier that not orly will allow efficient sterflization of
the zan's interior and contents bdut aleo will keep the can closed to
subsvq.e 1t contamairation foll.wing removal from the autoclave.

Tre¢ basic can now being uaed {s 24 (nchas long and has an inside
Atlamet r 0f 11y inrhes, except at the open ond, which flarex 1u the lant
half 1~neh to an outeide diarster of 12 inches (Figure 3). The solid
port:cre »f tr. can are (orstructed of 18 gauqe, Type 304 st alnierns
steel. The central portion of the can {8 constructed of flatten: ¢’
diamnd pattern, 4-inct. by 18-gauge, stainless steel expanded wetay,
whick provide s 37 pen surface ares ranging betveen 65 and 0 per cenc,
The cpen. cuntral portt m of the «an s 12 fncter long.

A 2l roorganic barrier 1« created over the cent al partion of the
cen witd 4 Fla ket wrapping of fonr layers op %ot D F SO Fit gl
thlter marerial.* Intc woapplag wverleps Uhr sl portion of tng oy

* Amrioi Al Fllter Coopany  Tar | Leutaville, Koot ky




Figure 3. Over-All View of Basic Sterilizer Cam, Showing
Expanded Metal Center Sectioe, (FD Neg C-6310)

Yigure «, Sterilizer Can Ready for Sterilfization, Showing
Fiiter and Protective Coverting Strapped in Place,
Wire Mesh Metal Platform in Bottow of Can, and )
Mylar Plastic Covering Open End, (FD Neg C-»ill)




by abcut two inches at each end. A protecti-e layer of 14 by 18 mesh
copper screaning than 13 placed oveos the filter material and clamp-d
securely in place with standard, %-inch, flat steel strapping.

A platform, 5 inches wide by 23 inchas loug and constructed of the
same material as the central portion of the can, is placed in the bottom
of the can. This platform prevents condensed steam from saturating the
contents of the can during sterilization. When a filled can is ready for
sterilization, the open end is covered witl. Myl r plastic stretched cver
the flare and fastened with nne-inch, tran:parent, pressure-scnsilive
plastic tape.* A can with the microorgani. barrier, platfcrm, and plastic
covering 41l in place ts shown (n Figure 4. »

D. CENERAL GNOTOBIOTIC REGIMEN

Tsolator units were prepared to receive gnotobiotic stock in the
manaer previously described. Basic equipment to be used within the iso-
lators, such as animal cages, were placed {n the isolators and sterilized
at the sam time the i(solators were sterilized.

Cnctubiotic aice were derived by Caesarean section, using the methods
and techriicues described by Reynie. and others. Methods and tech-
niques used in the Caesarean derivation of gnotobiotic guinea pigs will
be reported in another paper.

All Cam:arean sections were performed in an {solator unit modified
for the purpose. This isolator has & pair of glove ports on edcn side,
and the pass-through lock is located at one end instead of at the rear.
An access port and platform for holding pregnant females, similar tou that
described by Reyniers®sd/ and others, is located n the center of the
base of the Caesarecan {solator unic.

Caenarcan-derived stock are transferred from the Caecaredn i~olator
unit to a regular j<olatur in the following manner: The outside cuovers
of the pass-through locks on both units are removed, and tte locks are
connectea by a polyvinyl chloride sleeve ha1d securely i place by
pressurc-sensi{®ive tape. Rubber stoppers are removed from ti: two steri-
lizaticn port: on the sleeve, and afr in the sleev. 1r erhau.ted by
collapsing the sleeve by hand. Thre sleeve then is retnflatca wita a miat
of twn per tent peracetic acid sprayea through the stertlization ports.
The port: and :=toppers are sgrayed, the stoppers are replaced, and the
units are allowed to stand for one-talf hour, at whicn time the slecve
s c¢onsiderz21 to be srerf{lc. Th¢ inside covers of the pasu-trhroat. locks
of bott Laits t-en are removed, and the Caesarean-d-rivad pnertotiotes
are transforrnd to the regilar isolators.

* Scot . h 3rand No 471, Mimesota Miniag and Man.fasturine ompainy 30
Paul, Miqnesota,




In practice, the two isolators are connected, and the sleeve is
sterilized before the Caesarean is perfurmed in order to keep the time
between Cascarean derivation and transfer of the young to a minimum.

Originally, gnotobiotic mice provided by Lobund Institute were used
as oster mothers for Caesarean-derived litters from our own breeding
stccr. Immediately following parturition by a Lobund female, Caesarean
¢+ ‘.ion wvas performed on a selected, parturient temale from our own breed-
ing stock. The litter in the isolator tnen was re laced by the litter
derived by Cassarean section. )

Food, bedding, and water used in our studies origirally were sterilized
in the autoclave and sterilizer cans previously described. However, in-
vastigations corducted foll-wing the contsnainatinn of some isolators showed
that these apparatus and methods were unsatisfactory for food sterilization.
The time pericds roquired to sterilize the food effectively were in excess
of the allowsble limits for the heat-labile vitamin constituents of the
diet being used. This problem led to the development of the food sterili-
zation unit, which is described in Section IlI.

The autoclave and sterilizer cans still are used, however, for the
routine sterilization of bedding, water, and miscellaneous equipment and
instruments passed {nto our gnotobiotic system. All are sterilized at
2507 for 90 sminu:es, using the autoclave procedure previously described.

Following sterilization, the sterilizer csn is connected to an tsolator
unit with a plastic sleeve identical to that described for the transfer of
Caesarean-derived stock. Methods used for the sterilization of the connect-
ing sleeve also are (dsntical. When sterilizat{on of the slesve is complete,
the operator dons the gloves on the isolator unit, removes the inside
cover of the tsolator pass-through lock, punctures the Mylar covering on
the sterilizer can, and transfers the cortents of the can to the intertor
of the isolator. The inside cover of the {sclator pass-through lock f.
replaced, the connecting sleeve is detached, the outside cover of the
pass-through lock is replaced, and the pass-through lock is sprayed, via
its sterilization ports, with two per cent peracetic acid to tnsure
sterility. ‘

Figure 5 shows a steriiizer can connected to an i{solator. Figure 6
shows a roll of the terry toweling used for guinea pig bedding being
transferred to the interior of an isolator.

Our gnotobjotic studies now ar¢ about two and a half years old. The
contaminations experienced early f{n the work apparently were caused by ‘he
inadequate sterilization of food. Since the completion of our detailed
studies of sterilization techniques and the inetallat{ion of the faod
sterilization unit described in the following section, mo countamindations
have heen detected.




Figure 5. Sterilizer Can Connected to Plastic Isolator for
Transfer of Sterilfzed Materials. (FD Neg C-6350)

Figur: 6. Transter of Sterile Bedding for Sterilizer Can
into Plastic Isolator, (FD leg C-6351)
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I1I. DESIGN, CONSTRUCTION, AND OPERATION OF
THE YOO STER[(IZATION UNIT

A. BACKGROUND

When it becams apparent that the existing method of steam sterilizing
food wvas inadequate, alternative sterilization msthods were investigated.

Beta irradiastion sterilization systems, such as those in use at the
Natlonal Institutes of Health and elsevhere, were produciug good results,
but they proved too expensive for our purposes. However, one character-
Llstic of such systems, the packaging of sterile food in sealed lastic
bags, was adopted for use in the system we developed. Investigations of
the processing and preparation of special di.ts within our gnotobiotic
syster: also indicated that the costs would be prohibitive for the scope

of our operatioms.

wWhen the investigation of alternative methods i{ndicated that further
effort would be unprofiiable, we decided to re-examine the steam sterili-
zation method being used. Our purposes were threefoll:

(a) To determine the reasons for the inadequacy of the
existing method ’

(b) To compile data defining optimum sterilization conditions

(c) To use the data thus obtained to develop apparatus and
methods ~ ° the economical 22 effective sterilization of food for use
vithin our gnotobiotic system.

B. EVALUATION OF THE EXISTING METHOD

Although rather exhaustive tests were conducted during this evaluation,
only the pertinent pcints are summarized here.

In order to measure the heat transfer characteristics of items pro-
cessed in it, the autoclave previously described was modified so that four
fron-constantan thermocouple leads could be inserted through the steam
rondensate line into the chamber. The leads were long enough to permit
them to be i{nserted not only in material placed openly in the sutoclave
chasber but also in material contained in sterilizer cans placcd in the
chember. A 12-point, continuous-recording, strip-chart recorde:.* was
uscd &8 the {ndicating and re~ording system for che leads.

* Model 153X60P12-X-111, 0-300°F, Minneapolis-Honeyvell Regulator Company,
Philadelphla, Pennsylvania.




15

The food* used {n the tests was hendled in two ways: (a) it was packed
in Number 5 kraft bags, and (b) it was spread four incnes deep in wire m.sh
baskets five inches wide by five inches deep by eight inches long. Food
prepared in sach manner was tested in the autoclave in each of the three
- types of ster{ilizer cans being investigated. In the tesis with the sterili-
zcr can previously described, autcclave iests were run both with and without
vacuum. Tests also were conducted with food preparsd in both ways and
placed openly iu the autociave chamber; thece tests &lso werz run both with
and without vacuum. In each test, the 12 poinrs of the thermocouple system
were diatributed as follows: three each in the fromt, in the middle, and
fn the rear ot the food load, and three in the autoclave chamber.

In all tasts conducted under vacuuw, the time required for thz auto-
clave chamber temperature to reach 250"F ranged between three and five
minutes. In the tests without vacuum, the time for chamber heat-up ranged
batween seven and nine minutes. Table I summarizes the findings with ra-
gard to the time required for the food load to reach cterilization temp-
erature.

I brief, the tests showed that food, either in bags or haskets, could
be sterilizea in 35 to 45 minutes, using the Type 3 sterilizser can under
vacuum in the autoclave. These time periods incliuded an Allovancq,‘f 20
minutes bzyond the time that any given point in the food load resached
sterilization temperature. Use of the Type 3 can without vacuum vas re-
jected.

Although the Type 3 can seemsd usable for food sterilization under
these conditions, whether or not the food would have retained sufficient
nutritive value remained quastionable. The heat-labile vitamin constituents
of the food undergo a mérked reduction in strergth when subjected to steas
sterilization for more than 20 minutes, as shown by the manufacturer's
analysis:

PER CENT '08S WHEN AUTOCLAVED POR:&/

FOOD CONSTITURNT 20 Minutes 30 Minutes
Yicamin A 20 57
Thiawin 42 58
Riboflavin 0 0
Niacin 0. 0
Pyridoxine 0 0
Pantothenic acid 15 37

a. letter from.Raletom Furind Company, September 18, 1961,

/|
i

% Lab Chow Special Pormuls 2, Numher 5010, Ralston Purina Company, St. Loulx,
Missourti.
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TABLE I. MAXIMUM TIME POR ANY GIVEN POINT IH THE PCOV LOAD
10 REACH STERILIZATION TEMPIRATURK (250'!)‘/
IDE, Minutes t
TEST COMDITIONSG VACUUM NO VACUUM
Typas | Sterilizer Can
Food in bags: uo.oV o
Pood in baskets: 82.5 cona
Type 2 Sterilizer Can
Food in bags: 34.7 ce=e
Food in baskats: 25.6 cere
Type 3 Sterilizer Can
Yood in bags: 19.8 ‘ 31.0
Food in baskets: 17.6 21.1
' Autoclave Chamber
‘ Yood in Bags: €.8 9.5
‘ Yood {a baskets: 8.8 13.0

a. Where more than one run vas completed, the figures
represent the average for the particular thermocouple
location.

b. Run wvas stopped at 130 minutes, at vhich time
temperature had not reached 250°F at any point.
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Consequently, even with the eariched-vitamin-coatent food being used r»
offset the effects of hear degradatfon, the sterilizaticn times required in
our tests with the Type 3 can seemed excessive. Without either a comprehen-
sive chemical analysis of residual vitamin coatear as a function of steril.-
sation time or & long-terwm trial in which the food was suppiied to a control
colony of germfree animals, firm conclusions regarding the nutritive value ot
the food were impossible.

However, the tests also showed that food, either in bags or beskets
placed openly 1n the autoclave chamber, could be stcrilized in & -much shorter
time with or without vacuum. Test results also indicated that the depth of
the food had a definite effect on the time required for all of the food load
to reach sterilization temperature. These two factors indicated two alterna-
tive methods for providing sterile food to our gnotobiotic stock:

(a) Sterilization of food ctither in bags or baskets, with cr without
vacuum, in autoclaves connected directly to each fsolator, or

(b) Sterilization of food on passage into a sterile unit, where
the food could b2 packaged in sterile containers, ard then be removed
from the unit zseptically for supply to any of the 1oplltor1.

FProm both a practical and an economical viewpolnt, the seccad method was the
method of choice, and the food sterilization unir now being used evolved from
this concupt.

C. CONSTRUCTLION AND MAJOR COMPONENTS

In many respects, the food sterilization unit (Figure 7) resembles an
isolator The unit s a sealed, sntertile enclosure with provisions for the
pre-sterilization, entrance, processing, and aseptic removal of materialns,
Materials are sterilized in and introduced to the unit through an attached
autoclave. Work is perforrmed within the unit through standard neoprene
gloves attached to the wall opposite the autoclave. Frocessed materials are
removed through an d4septic dunk bath.

The basic chamber of the unit (3 conatructed of extruded-sheet methvl
melhacrylate,* which is especially suitable for structures of this type.
The plastic sheets were cut to size, and screw holes were drilled and
countersunk. All joints were solvent-activated with chloroform for approxi-
mately 20 minutes, then pressed toget-er and held firmly with the screws.
Joints formed with thi~ plastic in this manner are uniform, tough, trans-
pareut, leakprouf, and structurally sound. If a joint is not transparent,.
tt {s a good f~dication that [t s rot structurally sound.

* Plexiglas 17, y-inch, Ror» & Haas Company, Philadelphla, Peonsvivania,




Figure 7, Over-All View of Food
Sterilization Unit,
(¥D Meg C-6296)




The dunk bath, drain trap, air filter and air trap supports, and ail
air pipes for the unit also were constructed of ihe same plastic and w lded
by the same techniquis.

Where ~-tal fittings were required in the walls of the basic unit,
holes were bored and tapped for the proner thread size, and the fitt:in,s
were sealed around the threads with two-part Bpoxy cesent.

Minsralite cable was used as the line carrier for the one electrical
outlet required within the chamber. Mineralit cable fe a copper-cheathed
pipe contatning electrical wires embedded in a hard-packed nou-conductor.
wvhich prevents any microorganisms frow traveiing into the ctamber tnru.gh
the pipe. Moisture-proof electricsl receptacles were used boih inside and
outride the chamber.

The autoclave atta hed tc the toud sterflization uait {s a aouble~
doored, keyniers-type autoclave with a chamber 16 {nches long by 9 inches
{n diameter. The autoclave is attached to the plastic housing with a
stainless steel connecter plate, whicn has & water jacket around its oiter
front perimeter. [ap water circulatirg at a rate of 23 gallons per nour
thrcugh the jacket matatains the adjoining plastic at 70° to 80°F when the
autcrlave {5 1n Operation. Because the melting ovoint of the plastic is
approxinately 180°F, the water owst be circulating at all times wren the
sterilizer 18 being used and for adout two hoirs following shutdown. Two-
pact Epoxy c(ement was used as 2 tesler around the heads of tte bolta
conmecting the autoclave to the connector plate. The same cement aliv
was uscd as a sealer between tle water jacket and the plastic housing.

As manufactured, no provisi{on vas made on the autocleve frr operating
the jacket steam ‘rrespsctive of the chamber. Consequently, the auto-
clave tad 1o be modifled to provide separate steawm condensate lines for
the chamber and the jacket. It alesn was necessary to provide a stear
blerder line o0 the chamber steam-condensae line s0 that the chsaber
pressure coculd be bled to atmospheric with ateam on the jacket. Thease
aodifi.ati g were necessary so ttat the food (ould be drtet (n tre
chamber followi~g sterilization,

The inlet-atr filter used ~n the unit ts essanrially & small ver:ion
of tte sterilicer an previously described. TI* condtera of & ~tainless
steel _yl:der 18 f(ncher long by 3 fnches in diameter, wit: solid o uae
and & 13-i1c* c:arral secti1on wade of the sare stainless steel oaparded
metal used 10 tte stecilizer .an, The same filier matertal and protective
Copper meer srreen used on thte sterilizer can also are s 3 on the e
filt r. (o atd;:ton, however, & polvwinvl (hlorfde sleeve 1o placed owvr
che prece v sorven betore all are lamper firely in pl o oar o weud 1!
cylinds o a1t atjuctable  lamps ihis inlet -ate foltot s sreralizdt
19 the wa e ~aner previcasty fescribed for *te tsolarar tnlet -a,r tpdre s




Air is fed into the filter through a tube In the polyvioyl sleeve.
The air passes through the filter material into the cyiinder and extes
at the top of the cylinder tiirough a one-inch stafnless steel nipple.
This nipple is conrected to the air inl2t of the food unit with a Tygoun
tube approximately three inches long anil one inch in diameter. Air is
provided to the unit at a flow rate ot approximately four cubic feet per
minute, which provides approximately one complete air change in the unit
every three minutes. A positive air pressure equivatent to approximately
3/4 inch of water also is maintained in the unit a all times.

Originaelly, a glycerin 4ir trap was used on the food unft air autiet.
In such a trap, the outlict air pressure floats an {nverted cup in a puol
of glycerin as long as positive pressure esxists. If the air pressure
drops, the cup submerges and seals the exhauat, thus preventing a bhackflow
of contaminated air into the unit. We found, however, that the hygro-
scopic nature of the zlycerin caused the liquid level to rise in the trap.
This >uild-up not only presents a cuntamination hazard, but also will
resul: in blocking the trap {f not attended regularly. Consequently, the
glycerin was replaced with heavy mineral oil, which has given satisfac-
tory results.

T.ue dunk bath Is located !t the bottom of the food sterilifization unft
on the right side. The bath mrasures approximately 10 inches by 14 {nches
by 12 inches deep. A 7-inch extension of the side of the food chamber
divides the open top of the bath so tnat half opens into the chamber and
haif opens to the cutside of the unit. The bath f4 filled with two per
cent Lysol solution. The bath allows sterile materials prepared in tnc
unit to he passed to the outside without contamiuasting the unit. A lid
is provided to cover the portion opening on the inside of the unit when
the bath {s not {n use.

The last major basic component of the food sterilization unit {s the
drain trap. This consists of a square drain pit located to the left of
center in the bottuom of the unit. The drain pit empties into a U-tube
trap, which is filled with Lysol solutfon, The drain trap makes |t
possible to remove spilled llquid wastes from the unit without dumping
them {nto the dunk bath, which could spotl the dunk bath solution and
necessitate a shut ~dowm,

D. TESTING AND STERILIZATION

The unft wase tested o r leaks with 4 Pieon Leak-Detectfon Apparatan
Pirst, the chamber was cvacuated to six inches of water vacwum. Then d
contain r holding Freon under pressure was attached to the steriltication
potl, the vacuum nn the (harber was reicased, the freom retriverant s
was fed to the (hamber until the 1nternal pressure retwhed «ix tnchee
wats i, 49d the (ramber wias sealed




The leak detector, a hand-he'd, gun-type device, then was us21 to 7o
all perimeters and other pussible ieak points. Even trace giantitics of
leaking Preon will cause a deflection >f the needle on the dor i gauvge
and also cause rhs Jdutectar tu cmit an audible tone. One leak was tound
around the dunk bath in the first test. The leak was sealed with Epoxv
cement, and the unit was retested snd found tv be free of leaks.

Once the food sterilization unit was proved leakproof, it was ready
for sterilization and subsequent operation. T .e sterilization port cor-
sists of a double-valved, 3/8-inch, stainless steal pipe located in the
right wall of the unit.

To sterilize the unit the outer door of the autcclave and all autoclave
valves are closed securely. The inner door of the autoclave is opened, and
the inner door ring gasket is removed. The chamber is evacuated to six
irches of water vacuum. A container holding ethylene oxide gas undc: pros-
sure {s attached to the sterilization port. The vacuum on the chamber i3
released with the i{ntroduction of ethylene oxide, which {s continued until
the internal chamber pressure reaches six inches of water  The chamber
then (s sealed, and the unit is allowed to stand for 24 hours, after which
all internal components are sterile.

As a check on sterility, a test strip contasining spores of Bacillus
subtilis var. niger was placed in a cotton-stoppered test tube in the
chamber during sterilization. The strip was a part of the packaged
standard stari.ity test material provided by an autoclave manufacturer.*
The test strip proved negative, the control strip positive.

This sterilizstion procedure for the food unit also provides a
secoddary check of the tightness of the system. If any lesks are prosent,
a4 drop in pressure will be noted at the end of the stertlization pertod,
as indicated by a l/-tube water manometer, which can be used tuv monitor
pressure throughout the sterilization period.

£ OPERATION

Ovice the unit has been sterilized, the bhasic methods of operation are
relatively otmple. Materti.ls are sterilized in the autoclave, pasicd inta
the stertle chamber, sealed {n sterile contatners, and removed from t:o
chamber via the dunk bath. Materials prepared in this manner then (ain be
introduied tnto the tsolators through the (sulator pasr-tProcpt lo k-,
using the mrthod Ht chemical sterilization previvssly described. Al
thoaxh the fullowing description concentrates on the processing f 1 -4
through the unit. prelirinary tests have shown that bedding., watit, and
other materiale to be used 1n tre isolators can be process.d tpy gy
steril.zati1on unit 10 the same Wmanner.

e e s e ——

* Srerflization efficiency tent package, Amertican Stoertiizer Lovpy . b
Prnreylvinia
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Food to be processed through the unit is plazed fn stainless steel
wire assh baskets 1} inches deep by S5 inches wide by 1l inches long. The
previous sutoclave tests showed that this depth of food in wire baskcts
could be sterilized within the waximum allowable time limits. Two of R
these baskets ful! of food can be sterilized in the unit autoclave at one

time.

Approximately 15 minutes bDefore a sterilization rum, the stess line
to the asutoclave jacket ia opemed to allow the jac.et to preheat in order
to reduce the chamber heat-up tims. Jhen the jacket temperature reaches
250°F, thc two baskets of food are placed in the chamber, the door is closed
securely, the chamber steam valve (s opened, and che chamber is brought to
250°F (15 peig). This requires about five to sevem minutes. When the
chamber reaches sterilization temperature, (it is maintained at sterilf-
zation tempsrature and pressure for 20 minutes. The chamber steam then
is shut off, bled to atmospheric pressure, and the food is allowed to dry
for 15 minutes. Pollowing the drying period, the sutoclave ioor to the
interior of the unit is opened, and the sterilized food (s rwmoved from
the autoclave into the unit (Pigure 8).

The coatainers used for packaging the fo~d are 8-inch bv 12-inch,
20-mtl, polyvinly chloride bags. These bags are pre-sealed on three
sides and examined for flaws outside the unit. Paper towels are placed
in and between the bags to keep them open and ssparated during stertli-
zation. They then are sterilized in the autoclave for 20 minutes and
dried before passage into the uait. The bags are alluwed to cool fn the
unit before thay are used bucsuse the autoclave heat makes them soft and
pltable, and they tear easily in this state.

Figure 9 showe one of the bags being filled. Bags are filled vith
food to approximately 75 per cent of volums. The open end thcn is ssaled
with a hest sealer®* comtained in the unit. This sealer is preset to
operate at 350°F and has a constant-temperature coatrol to maintain the
jJows at that temperature. The movable top jaw and the base of rthe sealer
were covered with j-inch blocks of Insurock*™ to prevent transfer of
excessive hest to the chamber floor and the opsrator's work gloves.

Before the bags are sealed the end to be realed ts inspected visually
to see that no ‘ood fragments are in a positiom to fnterfere with the
seal. The open ¢nd then i3 placed between the jaws of the sealer.

* Powerveld Crimpmaster, Model 251, 11S5-volt a.c., 500-watt, Cleveiand
Latne & Machine Company, C(leveland, Ohto.
** 1re Richardson Cowpany, Melrose Park, Illinofs.




Yigure 8. Sterilized P..2 S:fng Remrved from Autoclave
into Chamber. (¥D Neg C-627))

Pigure 9, Operstoar FPillin, Foluvvanyt €l 1 b with
Sterftised Foed, (FD Noww -0 ety
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The top, spring-losaded, movable jaw is pressed dowm by hand and hetd in
position for five seconds. This q1ealing time is extremely critical be-
cause polyvinyl chloride film {s .ot normally hcst-zealed. Too much heat
will melt the plastic, too little will result in an i{mperfect seal. Al-
though the technique sounds Aifficult, {t is actually quite simplie once
the timing is perfected. Figure .0 shows & bag being sealed.

After the bag is sealed, it i{s set asida to ccol to room temperature.
Then the bag may be resmoved frowm the unit via the dunk bath. The lid of
the dunk bath is removed, the Lag is purhed down under the dividing par-
tition of the bath, and the buoyancy of .he air sealed in the bag causes
it to float to the surfsce oan the outside. The bag caa be submerged in
the dunk bath solution and squeezed to chuck for leaks. After this, the
bag can be stored for future use or transferred {mmmdistely to an animal
isolator. Figure 1l shows a seasled bag being placed in the dunk harh




Pigure 10. Bag Filled with Sterile Feed Being Heat-Sealed.
(FD Neg C-6295) :

Figure 11, Sciled Bar of Sterile Feed Reip Pliced in
Dunk Biath fur Trarsfer to Out-rc ot nit,
(FD Neyw C-+294)
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V. DISCUSSION

The sterilization of food for germfree animals presents a serious
problem tu the investigator who cannot afford to make a large inveatment
in equipment. The only method previcusly available at nominal cost was
the one recomw adcd at the 1961 Lobund Gnotobiotic Workshop, which con-
sisted of the basic regimen with the vacuum autoclave and sterilization
caus previously described.

Extensive tests of this methoi in our fzicilities showed that steam
sterilization for 45 minutas at 250°P was required to insure sterility
of food in the apparatus used. Such a sterilization period is detrimental
even to enriched fesd because the heat-labile vitamin contents degrade
rapidly when exposed to 250°F for more than 30 minutes. A survey of
other alternative methods indicated that they were too expensive for
our purposes. Consequently, we developed the food sterilization unit
and methods described in the preceding sectiom.

Since August 8, 1961, no accidental contaminations have occurred ir
our {solators. The food sterilization unit Las been irn operation for
the past five months and has been used regularly to prepare fuod for the
isolators throughout that time. Thirty-three entries have been made to
" the isolators in supplying food prepared in the unit.

The isolators have been checked periodically for contamination.
Swabs of fecal material removed fros the isolators are streaked on blowd
agar and inoculated in thioglycolate. These madia are incutated at 37°C
for one week. To date, no growth has been observed.

These negative cultures do .ot entirely rule out the possibility of
contamination. However, thry asre & good indicatiom of the effectiveness
of the system because a ma or deficiency would have introduced organisas
capable of growing on these media. Unfortunately, time Fas not vet per-
mitted ¢xtensive bacterislogical screeming of the mice to determine more
accurately their gnotob.otic status.

The sterilization time of 20 minutes used with our system {s con-
siderabl shorter than those used in sterilizer can s stems for the steam
sterilization of food for gnotobiotes. This reduction in sterilization
time not only increased the efficliency of the operation but also resulted
in a higher quality, more palatable food. The charred appearance charac-
teristic of food autoclaved for longer periods {s not nearly as pronounced
in cur fecod. Purthermore, mice raised on food prepared in thc unit have
shown a significantly higher rate of reproduction than thos: raised on
food processed in the sterillzer cans.

Actually, the question of the degradation of the nutritfve ~alue of
food sterilized for supply to gnotobiotic animals remains a mitter worthv
of definitive investigation. To our knowledge, no detuiled work has becn
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done on a comparison of the residual nutritive value of food sterilizvd by
heat and other methcds, such as icradiation. Long-term trials with gncto-
biotic colonies raised on food sterilized by various existing methods could
provide invaluable basic reference dista on diets for use in future znuto-
biotic investigations.

The total cost of the food sterilization unit described here was
approxinately $2500. However, this figure includes the cost of the initial
engineering design work, including the modifi -ations required in the auto-
clave. The cost to reproduce the food sterilization unit, including
wmaterials, construction, installa:ion, autoclave, and all components,
should not exceed $2000. This is relatively inexpensive when compared
with other equipment capable of supplying the amount and quality of died
that can be produced using this system. The isolators we are using,
including the basic plastic envelope, all attach-entl, and the base, .ost
approxixately $200 each.

The fact that the single food unit can be used to prepare food for
supply to a number of isolators by the described methods is one of the
major factors in its economic feasibility. However, the single food prep-
aration unit concept does present the possil.ility that an undetected con-
tanination in the unit cculd affect many {solators. To date, we have
encountered no difficulties, but frequent sterility checks are run on
food prepared in the unit aud extreme care is taken tc prevent accidental
contamination of the chamber while the unit {s ir operation.

Currently, we are storing food prepared in the unit within the unit
chamber until it i{s needed for transfer to the isolators. When time
studies of food prepared f{n the unit and then stored outside prove the
invulnerability of the food package. food can be prepared in large
batches and stored outside the unit until needed. Such outside storage
will {ncrease both the efficiency and econowmy of the system.

The ultimate solution to the problem of providing sterile food for
gnotobtotic studies lies with thc commercial feed manufacturers. When
one of these produces a uniform, high-quality, sterile feed, the cost
of laboratory studies with gnotobiotes will be reduced substantiallyv.
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V. RESULTS

Although our work with gnctobiotic animals has covered only a rela-
tively short pericd, the results achieved to date have been very encouidg-
ing. One of che purpcses in undertaking these studica was to improve the
breeding stock at the Port Detrick Animal Farm. Results to date indicate
that wcrthwhile improvements are possible.

As noted previously, germfree mice supplied by Lobund Institute
originally were used «4s foster mothers for Caesarean-derived mice frum
our own stock. Mice so raised in our gnotobiotic isolators were allowed
to breed and reproduce, and, at three weeks, the weanling mice were trans-
ferred to a conventional clean breeding rocom ret aside for these studies.
The construction, uce, and regimen enforced {n such rooms at the Fort
Detrick Animal Fara have been described in detail by Rabstein.

Unquestionably, the germfree mice transferred to the conventional
breeding room have since been contaminated with microorganisms. A
systematic exsmination of these mice for known mouse pathogens {s under
way. Thus far, laboratory tests have shown that these mice are free of
Salmonella, lysmphocytic choriomeningitis, and Tyler's virus, which were
eliminated from our conventional colonies in earlier work with Caesarean-
derivation of breeding stock. Moreover, to date these mice have remained
free of any clinical evidence of infantile diarrhea, which has caused
occasional problems in our conventional colonies. Finally, these gnoto-
biotic mice also have cremained free of ecto- and endoparasites. If this
record can be maintained as this nucleus of gnotobiotic stock enlarges,
it will effect a marked improvement in the quality of our mouse colony.

In addition to our gnotobiotic studies with mice, much effort has
been concentrated on the establishment of a nucleus gnotobiotic stock of
guinea pigs. A detailed report of this work will appear later. It may
be of interest to note, however, that the problems i{nvolved in transition
of germfree guinea pigs to the conventional state have proved much more
:omplex than those in mice.




VI. COMCLUSINN

The three goals established vhen we began our gnotobiotic studies
show romise of achievement. ‘

FPirst, we have successfully adapted existing gnotcbiotic apparatus
and methcds to our own facilities. The development of the food steri-
lization unit and attendant methods for its us., together with the mod:i-
fications of other existing gnotobiotic apparatus and methods, have re-
sulted in an effective gnotobiotic system that {s economically feasible
for the scope of our operations.

Second, the nucleus of gnotobiotic mice and guinea pigs successfully
produced thus far will provide a means for improving the quality of our
large-scale breeding colonies. As more esperience in gnorobioti. appa-
ratus and methods {s gained, these techni ues can be applied to the im-
prcvemant of other species of laboratory animals. :

Third, the experience we have gained in our studies will provide a
fund of basic gnotobiotic f{nformation for other investigators in these
laboratories.
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